Problem 1
(a) Estimate the diameter of a water molecule from its self-diffusion coefficient, and using the Stokes-Einstein relation, assuming that it is a spherical molecule. Look up the diffusion coefficient in some reference book and identify your source. This value of the diameter is an underestimate. Note that the van der Waals radius of an oxygen atom is ~1.4 Å, so the diameter of the water molecule should be at least twice this radius. This underestimate is most likely because the Stokes-Einstein relation, in which the medium is treated as a continuum, breaks down when describing the selfdiffusion of water. (c) The drag force is from collisions from water molecules. If the protein were struck head-on every second by a water molecule that bounced straight back, the average force would be the change in momentum of the water molecule:
. What are the number of collisions that must take place every second in order to obtain the drag force you estimated in part (b)? 
Problem 5
A solution of gold spheres is stored on a shelf. After a week or so, it is noticed that the spheres have settled stably in the container and that the density (as estimated from the color) decreases e-fold every 20 mm from the bottom to top. Given that the density of gold is 19.3 times that of water, what is the diameter of the gold spheres?
The density (d) of gold spheres as a function of the height (z) in the container is governed by the Boltzmann relation
Here g ρ and w ρ are the density of gold and water, respectively, and V is the volume of each of the gold spheres.
The characteristic height at which the density of gold spheres decreases e-fold is
Solve for 
Problem 6
A protein solution was placed in an analytic centrifuge and spun until equilibrium was reached. The measurement was then repeated. But it was realized, too late, that prior to the second run, the protein had been denatured. The average size of a denatured protein is larger than that of a native, compact protein.
(a) Do you expect the distribution of molecules to be the same, at equilibrium, for the two different runs? Explain.
The concentration of molecules as a function of height in a test-tube, after spinning in a centrifuge depends, is described by the Boltzmann distribution:
, where m' is the effective mass, and a the acceleration due to the spinning centrifuge. The distribution of molecules at equilibrium depends on the effective mass of the molecule. Since the native and the denatured protein have approximately the same effective mass, the equilibrium distribution is expected to be the same for the two runs.
(b) The time that it takes to reach equilibrium depends on the sedimentation constant of the molecules. Which run will reach equilibrium faster, the one with the native protein, or the one with the denatured protein? Explain.
The time that it takes to reach equilibrium is inversely proportional to the drift velocity v d given by
, where the diffusion constant D depends on the volume of the molecule, with a more compact molecule having a larger diffusion constant. Therefore, for two molecules with the same effective mass, the more compact molecule will have a larger sedimentation constant, and hence a larger drift velocity, and will reach equilibrium faster. In this case, the native protein is more compact and will have a higher drift velocity.
Problem 7 (for Phys 594 students)
The figure shows some experimental data on Brownian motion taken by Jean Perrin. Perrin took colloidal particles of radius 0.37 µm. He watched their projections into the xy plane. He observed the location of a particle, waited 30 s, then observed again and plotted the net displacement in that time interval. He collected 508 data points in this way, and calculated the root-mean-square displacement to be d = 7.84 µm.
(a) Given the radius of the particles, predict the value of d, and compare with the measured value.
In 2-dimensions, < 2 ≥ 4 , where = 6 = 5.74×10 −13 m 2 /s for 0.37 µm particle.
Therefore rms displacement d = √4 ≈ 8.3 µm for t = 30s, which is within error of the measured value. and the next ring is ≈ 99, and so on…… I counted ~30 dots in the innermost circle, and ~75 dots in the next ring, and gave up after that.
